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1 5 5 9 / R E : A CODE TO COMPUTE RESONANCE INTEGRALS IN MIXTURES 

by 

Cha r l e s N. Kelber 

SUMMARY 

1 5 5 9 / R E is an e x p e r i m e n t a l IBM-704 code in FORTRAN language 
to compute the r e sonance in t eg ra l s of i sotopes in m i x t u r e s in the p r e s e n c e 
of hydrogenic mode ra t i on . There may be up to four i so topes , each with no 
m o r e than 75 r e so lved r e s o n a n c e l eve l s . Doppler broadening and i n t e r ­
fe rence s c a t t e r i n g a r e included. No e s t i m a t e is made of cont r ibut ions f rom 
unreso lved r e s o n a n c e s . Typica l running t i m e s a r e 30 min (with no Doppler 
broadening) to 90 min (with Doppler broadening) for p r o b l e m s involving 
67 leve ls and unit l e tha rgy wid ths . 

I. EQUATIONS SOLVED 

The col l i s ion dens i ty is given by an in t eg ra l equation involving 
s c a t t e r i n g by a toms of al l s p e c i e s . ( ! ) In this r e p o r t we a s s u m e al l a t o m s 
a r e heavy or l ight (mode ra to r ) and in the m o d e r a t o r t e r m s we use the 
n a r r o w - r e s o n a n c e approx imat ion ; we rep lace the col l i s ion densi ty by i ts 
a sympto t i c fo rm. In using the code p r e s e n t e d h e r e , the m o d e r a t o r cons tan t s 
should be adjusted to give the c o r r e c t a sympto t i c fo rm. 

1 5 5 9 / R E solves the equat ions 

F ( U ) = i j F(U') A(U') dU- + ^ (1) 

""•̂  ru(EL) a. 
RESINT (i,j) = N: / F(U) E(U) ^ d u . (2) 

^U(Eu) ' 

The t e r m RESINT is the r e sonance in tegra l t imes the a tomic densi ty . Also, 

F(U) = the col l i s ion densi ty at l e thargy U, pe r unit ene rgy 

E y = upper ene rgy l imi t (ev) 

Ej^ = lower ene rgy l imi t (ev) 

E(U) = e - U E u 

Z = " m o d e r a t o r " s c a t t e r i n g c r o s s sec t ion 

a = heavy a tom sca t t e r i ng t e r m ; a = 4 A / ( A + 1 ) ^ 

A = m a x i m u m loga r i thmic d e c r e m e n t in energy f rom heavy 
a tom s c a t t e r i n g , in uni ts of l e tha rgy . 





Nj = number of a toms of isotope i pe r b a r n - c m 

Ojj = abso rp t ion (j = a) or f i ss ion (j = f) c r o s s sec t ion of isotope i 
a t ene rgy E(U) 

A(U) = heavy a tom sca t t e r i ng c r o s s sec t ion divided by the total 
c r o s s sec t ion . 

Fo r each isotope the c r o s s sec t ions a r e found f rom: 

r e s o n a n c e s c a t t e r i n g ; 

°^ = I ( ^ ^ f ^ * K ( E ) + V a p t a o k g r „ k / r K ^ K ( E ) ) = (3) 

absorp t ion ; 

°a = A I V " i f-. ^ O K * K ( E ) I : (4) 

K=J ^ 

f i ss ion : 

K=l ^ 

The va r ious symbols have the i r usua l mean ings ; in p a r t i c u l a r , 

Qp^ = potent ia l s ca t t e r ing of isotope i 

a „ k = (2,62 X 1 0 ' ) g r n K / ( | E K | r K ) 

g = s t a t i s t i c a l weight ( a s s u m e d constant for a l l levels of 
isotope i) 

V^Y^ = neu t ron width of r e sonance K (ev) 

E j j = energy of K*-*̂  r e sonance (ev) 

T K = to ta l width of K*l̂  r e sonance (ev) 

Tfj^ = f i ss ion width of K ' ^ r e sonance (ev) 

Ty-^ = g a m m a width of K ' I^ r e sonance (ev) 

The functions f^i^E) and Xj^(E) a r e the f ami l i a r Dopp le r -b roadened 
line s h a p e s : 

r -?'(x-y)V4 
^(^,,) = e I S ^ ; (6) 
^^^' ' ZyTT j 1 + y^ 





2 V ^ J. 00 1 + y 

? = i ^ j ^ X = A . ( E - E K ) . 

where 

Aj = isotope m a s s (amu) 

kT = m a t e r i a l t e m p e r a t u r e , ev. 

If the t e m p e r a t u r e kT is exact ly 0, the subrout ine which g e n e r a t e s 
If/ and X is not used; ins tead, Tp = l / ( l +x^), and X = 2x / ( l + x^) a r e used . 
The p a r a m e t e r s a and A = In [ l / ( l - c t ) ] we re not made isotope dependent 
s ince 1 5 5 9 / R E is an expe r imen ta l code designed la rge ly to evaluate the 
i n t e r f e r ence effects between s i m i l a r i so topes . Since we expect to i nves t i ­
gate s i tua t ions where the heavy a tom sca t t e r ing is l a rge ly from a toms of 
m a s s A, say, we usual ly take a = 4 A / ( A + 1 ) ^ . It is not conceptual ly difficult 
to make a and A isotope dependent and remove this source of e r r o r ; the 
addi t ional p r o g r a m m i n g compl ica t ion, however , is sufficient to cause this 
change to be put off to the future. 

II. METHOD O F SOLUTION - COLLISION DENSITY 

Equat ions (l) and (2) a r e solved by t r apezo ida l in tegra t ion , the 
asympto t i c solution F = (Spt + 2 J ^ ) / E being used to get s t a r t ed . This 
method has been frequent ly used before [ see , for example , Nordhe im( l ) ] . 

A fixed le thargy in te rva l is used during the en t i re in tegra t ion 
s c h e m e . The in te rva l is given by D = A/N (see Eq. 2), where N is input 
informat ion. Values of N between 25 and 100 a r e r ecommended . If N is 
g r e a t e r than 100, s to rage a l locat ions a r e exceeded and the p r o g r a m c a u s e s 
the mach ine to p r in t the input e r r o r : "N OUT OF RANGE" and p r o c e e d s 
to the next p rob l em. 

The in tegra t ion is c a r r i e d out over ION s t e p s . Then the upper 
energy is r e s e t and the in tegra t ion r e s u m e d until the lower energy is l e s s 
than E L (input). The ac tua l equations solved for the col l is ion densi ty a r e * 

0.5 A; 

a n d 

AJj = AJi - i - - ^ ( F i - N - i - A i - N - i + F i - N A i . ^ ) + F i - j - ^ (8) 

Fi = [DAJi + ( 2 ^ / E i ) ] / ( l - 0 . 5 D 4 ^ ) , (9) 

as sugges ted by Nordhe im.^ l ' 

*AJ is a va r i ab l e , not A t imes J . 





The N+1 va lues n e c e s s a r y to get the se t (8,9) s t a r t e d a r e obtained 
ini t ia l ly f rom the a sympto t i c solution 

F i = (Spt + 2 ^ ) / E i , for Ei = E u e ( N + . - i ) D , 

i = l , . . .N+l . (10) 

After the comple t ion of ION le tha rgy s t eps , the l a s t N+1 va lues of col l i s ion 
dens i ty and the aux i l i a ry quant i t ies AJj a r e s to red (on tape 2) and the p r o c ­
e s s r e s t a r t e d , with the informat ion now on tape 2 used to get the se t (8,9) 
going. 

A quanti ty p r in t ed out under the m i s n o m e r "flux" and equal to 
E i F i is a l so ca lcu la ted and is used in gett ing the r e s o n a n c e i n t eg ra l s 
(Eq. 2) by t r apezo ida l in tegra t ion , using the le thargy s t ep , D. The ac tua l 
flux pe r unit l e tha rgy is equal to the p r in ted quanti ty divided by the total 
c r o s s sec t ion . 

III. METHOD OF SOLUTION - CROSS SECTIONS 

The sums 3, 4, and 5 a r e evaluated d i rec t ly at each ene rgy . At 
t e m p e r a t u r e 0, the analy t ic r e p r e s e n t a t i o n s ip = l / ( l + x^) and X = 2 x / ( l + x^) 
a r e used for the line shapes . 

F o r t e m p e r a t u r e s g r e a t e r than z e r o , the functions ^ K ( F ) and X K ( E ) 
a r e ca lcu la ted by use of the W subrou t ine . The W subrout ine was w r i t t e n 
by O'Shea and Thacher(2) foj. the e x p r e s s purpose of computing r e sonance 
l ine s h a p e s . 

The function ac tua l ly computed is the complex probabi l i ty in t eg ra l 
W(z) defined by 

- c o i2 

dt . (11) 

Setting 

we obta 

W ( z 

z = 

Lin 

,i,ir 

) = 

2 

vrl 

1 

7T 

+ 

L 

'z 

Cv^ R,W ; X(?,x) = i^yF I^W 





(see Eq. 6 and 7). The probabi l i ty in tegra l W(z) is computed by use of 
cont inued f r ac t i ons ; _ 

2 r ( 2 r - l ) 
2/45 

W(z) 
,2 2 i z v 
-• + 

y¥ 
1 2 /45 ( 4 r - 3 ) ( 4 r + l ) ( 4 r - l ) ' 

V- 1/3+ .v +1 /21+ __1 1 
^ ( 4 r - l ) (4r+3) 

= -1 / (2 z^) 

In the a sympto t i c f o r m . 

W(z.) 2iz 

7^ 
1 

v-\-
2 

v - 5 -

2 r ( 2 r - l ) 
(v - 4 r - l ) 

V = 2z'= 

(12a) 

(12b) 

Convergence profi le mappings w e r e used to d e t e r m i n e the number 
of t e r m s n e c e s s a r y to obtain a c c u r a c y to five dec ima l p l a c e s . E l l i p s e s 
w e r e then fi t ted to these prof i les to en su re that an adequate number of 
t e r m s was r e t a ined in the expansion for a given a rgumen t . 

IV. INPUT PREPARATION 

The f i r s t two c a r d s contain 119 Alpha n u m e r i c c h a r a c t e r s in 
co lumns 2-72 (ca rd l ) and 1-47 (card 2). Column 1, c a r d 1 is left blank. 
Even if a l l the columns on c a r d 1 or c a rd 2 a r e blank, both c a r d s m u s t be 
p r e s e n t . In the p r o g r a m a l l i so topes with f iss ion c r o s s sec t ions a r e to 
be l i s t ed f i r s t , and then the r e m a i n d e r . If this p r o c e d u r e is not followed, 
the a b s o r p t i o n r e s o n a n c e in teg ra l s wi l l be pr in ted c o r r e c t l y but f i s s ion 
i n t eg ra l s wi l l not . There a r e no other r e s t r i c t i o n s on the o rde r ing of 
i so topic data. 

The input is then: 

c a r d 1 
c a r d 2 

c a r d 3: 

} See above. 

N, the number of sub in te rva l s pe r l oga r i t hmic d e c r e m e n t A. 
0 < N £ I O O . FORMAT, 13. 

IP , the number of heavy i so topes . Q < I - 4 . FORMAT, 13. 

I F P , the number of f i ss ionable i so topes , 0 < I F P S 4 . FORMAT, 13. 

ICO, the number of sub in te rva l s p e r output s t a t emen t , 
0 < I C O S 1 0 0 0 . FORMAT, 13. 

EU, upper ene rgy l imi t (ev). 0 < E U . FORMAT, E12.6 

E L , lower ene rgy l imi t (ev). 0 < E L . FORMAT, E12.6 





AO, 4 A / ( A + 1 ) ^ , A = heavy atom sca t t e r ing m a s s (see tex t ) . 
0<AO. FORMAT, E12.6 

T E M P , heavy a tom t e m p e r a t u r e , ev. 0 < T . FORMAT, E12.6 

SMOD, m o d e r a t o r s ca t t e r i ng c r o s s sect ion ( c m " ' ) . 0<S MOD. 
FORMAT, E l 2 . 6 

c a r d 4: J ( l ) , . . . , J ( lP) the number of r e sonance levels for i so topes 1, . 
I P . 0 < J < 7 5 . FORMAT, 112 

c a r d 5 to c a r d 4 + IP ; on each c a r d : 

AMAS, the a tomic m a s s (amu) of isotope i 

2J+1 
SW, the s t a t i s t i c a l weight of isotope i 

2(2I+1)_ 

SIGPT, the potent ia l s ca t t e r i ng c r o s s sect ion (barns) of isotope i 

ABUN, the dens i ty of nuclei of isotope i (per b a r n - c m ) , FORMAT, 
4E12.6 

IP 
C a r d 4 + IP + 1 to c a r d 4 + IP + V J ( L ) on each and for the K ' ^ r e sonance 
of i so tope L: L=l 

E R ( K , L ) , ene rgy (ev) 

r̂ Y (K,L) , g a m m a width (ev) 

Tn (K,L) , neu t ron width (ev) 

r£ ( K , L ) , f i ss ion width (ev) 

FORMAT 3E12.6 

(N.B. : The da ta on each c a r d obviously mus t r e fe r to the s a m e level ; 
and the f i r s t J ( l ) c a r d s mus t r e fe r to isotope 1, the next J(2) 
to i so tope 2, etc) 

F o r u s e with the Argonne Monitor sy s t em, al l input is put on t ape 
( logical tape 7). To run p r o b l e m s sequent ia l ly , s imply s t ack the da ta c a r d s 
for the v a r i o u s p r o b l e m s in sequence . Each set of data m u s t be comple te 
in itself, and t h e r e should be no ex t r a c a r d s between da ta decks . Avoid the 
u s e of r e s o n a n c e s at Ej^(K,L) = 0. This wil l cause a divide check; should 
t h e r e be an i n a c c u r a t e level count, th is can o c c u r . 
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Table I 

RESONANCE PARAMETERS (For p r o b l e m s d i s c u s s e d in text) 

Leve l E n e r g y G a m m a G a m m a G a m m a N 

T235 

-0 .140000E-01 
-0 .200000E-01 

0.273000E-00 
0 .420000E-00 
0.910000E+00 
0.114000E + 01 
0.203500E+01 
0.282000E+01 
0.316000E+01 
0.360000E+01 
0.484000E+01 
0,545000E+01 
0.580000E+01 
0.620000E+01 
0.638000E+01 
0.709000E+01 
0.879000E+01 
0.928000E+01 
0.970000E+01 
0.101600E+02 
0.106400E+02 
O. l l l lOOE+02 
0.116400E+02 
0.123800E+02 
0.132600E+02 
0.138000E+02 
0.141000E+02 
0.145300E+02 

u-̂  
0.330000E-01 
0.330000E-01 
0.290000E-01 
0.270000E-01 
0.300000E-01 
0.440000E-01 
0.350000E-01 
0.300000E-01 
0.310000E-01 
0.370000E-01 
0.250000E-01 
0,330000E-01 
0.330000E-01 
0.330000E-01 
0.450000E-01 
0.330000E-01 
0.410000E-01 
0.330000E-01 
0.330000E-01 
0.330000E-01 
0.330000E-01 
0.330000E-01 
0.330000E-01 
0.420000E-01 
0.330000E-Q1 
0.330000E-01 
0.330000E-01 
0.330000E-01 

0.282000E-02 
0.340000E-06 
0.290000R-05 
0.120000E-05 
0.137000E-04 
0.172000E-04 
0.770000E-05 
0.300000E-05 
0.323000E-04 
0.460000E-04 
0.520000E-04 
0.220000E-04 
0.160000E-04 
0.270000E-04 
0.280000E-03 
0.109000E-03 
l.OOOOOOE-03 
0.122000E-03 
0.400000E-04 
0.640000E-04 
0.330000E-04 
0.470000E-04 
0.680000E-03 
0.137000E-02 
0,990000E-03 
0.150000E-03 
0.200000E-03 
0.15 E-03 

G a m m a F 

0.194000E-00 
0.860000E-01 
0.990000E-01 
0,213000E-00 
0.330000E-00 
0.125000E-00 
0,120000E-01 
0.700000E-01 
0.155000E-00 
0.450000E-01 
0.400000E-02 
0.375000E-01 
0.375000E-01 
0.375000E-01 
0.150000E-01 
0.220000E-01 
0.520000E-01 
0.440000E-02 
0.375000E-01 
0.375000E-01 
0.375000E-01 
0.375000E-01 
0.260000E-02 
0.180000E-01 
0.375000E-01 
0.375000E-01 
0.375000E-01 
0.4 E-01 

0.668 
0.102 
0.21 

E+02 
E+02 
E+02 

0.25 
0.246 
0.25 

E-01 
E-01 
E-01 

A 

0.148 
0.140 
0.900 

,,197 

0.4906 E+01 0.125 E-00 

E-02 
E-05 
E-02 

0.156 E-01 





I I 

V. OUTPUT 

Since the p r o g r a m is compiled to run on the Argonne Monitor s y s ­
t e m , a l l output i s on tape 6. (Tape 2 is used as a s c r a t c h tape.) 

The f i r s t page of output includes the p rob l em identif icat ion ( ca rds 1 
and 2) and the input data on c a r d 3 . The r e s t of the input da ta , for each 
i so tope in t u r n , a r e p r in ted on the next p a g e s . Each isotope s t a r t s a new 
page . 

Fol lowing th i s a r e shee ts labeled a l t e rna te ly : "Resonance In tegra l , 
F i s s i o n " with co lumns labeled ENERGY, COLLISION DENSITY, FLUX, 
RESINT ISOTOPE 1, e t c . (Recal l that the t e r m "FLUX" is a m i s n o m e r s ince 
the quant i ty in ques t ion is jus t the ene rgy t i m e s the col l i s ion densi ty . ) The 
e n t r i e s on each page c o r r e s p o n d to the quant i t ies ca lcula ted dur ing one 
ma jo r cycle of the code , ION le thargy s t e p s . 

A typ ica l code l is t ing is given in Appendix A. Since the code is ex­
p e r i m e n t a l , th i s l is t ing is not n e c e s s a r i l y the one in c u r r e n t u s e , but al l 
the v i ta l f ea tu re s of the code a r e p r e s e n t . P o s s i b l e changes in the code a r e 
d i s c u s s e d in the next sec t ion . 

VI. EARLY RESULTS AND PROGRAM OF FUTURE WORK 

Resu l t s 

An i n t e r e s t i n g ca se to study is a l ow-enr i chmen t , h i g h - c o n v e r s i o n 
l a t t i c e . We took as an example a m i x t u r e of wate r and u r an ium in equal 
v o l u m e s . (The effects of rod s ize w e r e neglec ted at th is point.) The t e m ­
p e r a t u r e was taken as 0°K and the heavy atom sca t t e r ing m a s s was 238. 
T h r e e Xj"^ e n r i c h m e n t s w e r e s tudied: 1, 2, and 3 per cent . In addit ion, 
gold at 10 '^ a t o m / ( b - c m ) was included to study the r e s p o n s e of a typical 
mon i to r foil . 

Resonance p a r a m e t e r s a r e given in Table I; the Xj"^ da ta w e r e taken 
f rom Harvey(3) and WCAP-1434(4) , w h e r e a s the data for U^'^ and gold come 
f rom BNL-325(5) . 

We used a v e r s i o n of the code which ca lcula ted the r e a l f luxes, and 
t he se a r e plot ted , for 1% en r i chmen t , in F ig . I. Also shown on F ig . I by 
m e a n s of dashed l ines a r e the changes in the flux when ca lcu la ted for 
3% e n r i c h m e n t . The flux pe r tu rba t i ons from the va r ious r e s o n a n c e s a r e 
c l e a r l y seen . Also to be noted a r e the effects of the 6.68-ev U"^ r e s o n a n c e 
and the 4 .84-ev U"^ r e s o n a n c e on the gold r e s o n a n c e at 4.91 ev. The gold 
r e s o n a n c e i n t e g r a l over the energy range indicated is given in Table II for 
the va r ious e n r i c h m e n t s . The shielding mos t ly comes from U^^*, but t h e r e 
i s a s m a l l u " ^ effect. 
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Fig . I. Flux P e r Unit Le thargy 
in an H / U Mixture 

Table II 

RESONANCE INTEGRAL OF DILUTE GOLD 
IN H:U = 1 MIXTURE. 

ENERGY RANGE 3 - 10 ev. 

Enr i chmen t , 70 Integra l (b) 

1357 
1337 
1333 

(Resonance in t eg ra l over th is energy r ange , 
I / E spec t rum: 1445.) 

F i g u r e II shows g raphs of the M"^ r e sonance in t eg ra l s as a function 
of e n r i c h m e n t . Based on m o d e r a t o r sca t t e r ing per U " ^ a t o m , a l a r g e r 
v a r i a t i o n in the c r o s s sect ion as well as a l a r g e r c r o s s sect ion would be 
expec ted . The U^'* dominates the s p e c t r u m and s u p p r e s s e s the s ca t t e r i ng 

ff ct The shielding by the U^^' amounts to about 20% of the c r o s s sec t ion 
[ see , e .g . , the tabulat ion in Resonance In tegra l Newsle t te r No. 8(6) ]. The 
ra t io of cap tu re to f iss ion in U " ^ a, a lso shown in F ig . II, i s p r ac t i c a l l y 
independent of en r i chmen t . 

Fo r check p u r p o s e s , infinite dilution in t eg ra l s w e r e ca lcula ted 
th rough u s e of sma l l abundances , and these were checked agains t r e s u l t s 
obtained by use of the code RE-266,('7) a code designed espec ia l ly for 
computing infinite dilution i n t e g r a l s . For U " ' , a g r e e m e n t was be t t e r than 
0 .1%. 
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• "^cAt 

i n t e g r a l 
much le 
t e s t . A 

Fu tu re P r o g r a m 

The code is too slow. Fu tu r e work 
has the main task of speeding the code. At 
t e m p e r a t u r e s other than 0°K, the W s u b ­
rout ine r e q u i r e s about 8 m s per en t ry and 
roughly t r i p l e s the running t i m e . It is not 
c l e a r that a fas te r W subrout ine e x i s t s ; 
ins tead , it may prove useful to change the 
form of a c c e s s to the W rout ine . In p a r ­
t i cu la r , with a l a r g e r machine with d isc 
f i les , it will probably save t ime to en ter the 
Ip and X functions as a table for a given 
p rob lem and re fe r to tha t . Some s m a l l gain 
can be made by changing the o r d e r of c o m ­
puting OQ' e t c . ; the main difficulty however , 
comes from the a t tempt to compute a sum 
over al l l eve l s . 

It is not c lea r how to e l imina te l eve ls 
in a sy s t ema t i c way. The - 1 . 4 - e v level in 
U^̂ ^ cont r ibutes about 2 b to the r e sonance 

f rom 3 to 10 ev. Since some levels in the range 0-3 ev contr ibute 
SS than 2 b , m e r e d i sp lacement along the energy scale is not a good 
t e s t of Oo/{1 + x^) is not a t ime s a v e r . 

1 

-

n^— 

1 

f ' "—o 

i -ABSORPTlON 

pF ISS lON 

" "P- __ 

1 

1 

' O 

1 

ENRICHMENT, % 

Fig . II. Effective Resonance 
In teg ra l s of U^" in 
H / U = 1 Mixture ; 
and a of U"= 

F o r the p r e s e n t , we make a survey of a p rob lem by taking an ac tual 
d e c i m a l dump of a typical p rob lem and examining the c r o s s - s e c t i o n con­
t r ibu t ions P P SIGA, P P SIGH from each level . Levels whose contr ibut ion 
is s m a l l m a y then be r emoved from the data deck and the full p rob lem run . 

The use of a uniform m e s h is c l e a r l y wasteful; a va r i ab le m e s h 
spacing would he lp . In this c a s e , smal l r e s o n a n c e s or the r e sonance c a p ­
t u r e in e l e m e n t s of low abundance would have to be calcula ted analy t ica l ly 
in reg ions of l a rge m e s h spacing. 

The inves t iga t ion of these points together with such obvious topics 
as inc lus ion of un reso lved r e s o n a n c e s , effects of lumping, d i f ferences in 
s c a t t e r i n g m a s s , and exact m o d e r a t o r effect fo rms an ambi t ious p r o g r a m 
of w o r k . 
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APPENDIX A 

Typica l F o r t r a n List ing for 1 5 5 9 / R E 
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* OOlt i/l/bi MEYER, L. 1559/RE 3627 ••• 6296 
0307631503 C KELBER lt»>l 11-0511 11559RE 70»Z0 . 
tCOt"PILE 3 33 RM 3/7/63 1559 

.C 15S9/PE.GEAR FOUR. A PROGRA)' 10 COMPUTE THE RESONANCE INTEGRALS 
C FOR UP TO FOUR ISOTOPES WITH AS MANY AS 75 LEVELS EACH. 
.C PLEASE RETURN ALL RESULTS TC C .N.KELBER. D-20B. 

DIMENSIONECICOi. I .TPSIGA (U ) , TPS IGH( U ) , TPSIGS (It) , 
XJ(U ),GAMT(75.U)tGG(75.U).GN(75.l|).GF(75.UI.?ETA17S.UI.AKt<;mi. 
XEX(75,U),ER(75,U),PSY(75,lll,CHY(75,U),SIG0(75,ltl,SW(ll),ABUN(U), 
XPPSIGA175,'H,PPSIGH(75,U),PPSIGS(75.U),SIGPT1U). ^ 
X PRAT(1000,U),PRFT(100C,lt),A(1030),G(101),H(101l, 
X A J d O t O l . F d O C i , ) , P H Y ( 1 I 3 I 0 ) , R E S I N T ( 1 0 0 0 . U ) , P ( 2 0 ) . Z 1 5 I ^ 
OIMENSI0NASTART(U),FSTART(U) 
ALF 

SAIP ALF IP 
SAEU ALF EU 
SAEL ALF EL 
SAAC ALF AO^ 
SAATE ALF TEMP 
SASMO ALF SMOD 

1 FORMAT!12A6) 
2 F0RMAT(U13,5E12.6) 
3 FOfeMATCinZ) 
It F0RMATIUE12.6) 

l l lO R E A D I N P U T T A P E 7 , 1 , ( P ( I A ) , I A = 1 , 2 3 I 
REA0INPUTTAPE7.2.N.IP.lFP.lC0UNT.EU.EL.An.TENP.SMCD 
REACINPUTTAPE7,3,1J(L),L=1,IP) 
READINPUTTAPE7,lt.lAMAS(Ll.SVi(LI,SIGPT(L),ABUN(L).L = 1. IP) 

D05L=1,IP 
JL=J(L) 

5 READINPUTTAPE7,lt,(ERIK,L) ,GG I K, L ) , GN (K,L ) ,GF(K ,L ) . K=1 , JL ) 
6 FORMATlIHl/IHC/lHO/IHO/IHC/ 
X91tH 1559 RE A PROGRAM TO COMPUTE THE EFFECTS OF 
XINTERFERENCE BETWEEN RESONANCES/// 
JtTn PROBLEM IDENTIFICATION// 

X) ^ 
7 F0RMAT(2i,A6) 

WRITE0UTPUTTAPE6.6 
WRITE0UTPUTTAPE6,7,(P(IA),IAx1,20) 

8 FORMAT[1H1/1H0/1HO/ 
JbHH "^"""T DAT 

XA//) 
q C O R H A T f A S H rUH IHlo 

X PROBLEM.//U3H THF inr.ARITHMir nPCRFMENT IS OIVlPFn INTO 1.3.?1H IN 
XTERVALS.THERE ARE IS.IMH ISOTOPES,AND I3,17H OF TFEM FISSION.//) 

10 FnRHATI?i.H THE UPPER ENERGY 1SF12.5.17H EV..THE LCIWFR T^F1?.'i.35H 
XEV. HEAVY ATOM SCATTERING ALPHA ISE12.5//26H THE TEMPERATURE IN EV 
X. I I F W . S . y a H THE HODFRATOR SCATTFRING ISF12.5.eH PFR CM.///I 

11 F0RMAT(71H RESULTS ARE PRINTED A 
XT INTERVAtS OF l^.lftH I ETHARf.Y STFPS.//) 
WRITE0UTPUTTAPE6,9,N,IP,IFP 

jjalTF0UTPUTTAPE6.1C.EU.EI•AT.TFMP.SMOD 
WRITE0UTPUTTAPE6,11,ICOUNT 
_^^l^CASE OF INPUT ERROR 

12 F0RMAT(32H INPUT ERROR. SEE ON LINE PRINT.) 
r Tf';T INPUT 

"l3 FORHATITH ERROR.A6,31H OUT CF RANGE.RETURN TO SENDER./) 

,1, IF(N)15,15,17 
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15 WRITE0UTPUTTAPE6,12 
16 PRINT13.AN 

11 = 1 
17 IF(IP118.18.20 
18 WRITEGUTPUTTAPE6,12 
19 PRINT13,AIP 

11 = 1 
1F[ 1CK-N)21,211,24 

21 WRITE0UTPUTTAPE6.12 
22 PRINT13,AN 

11 = 1 
23 EQUIVALENCEIZd ) , EU) , (Z(2 ) , EL ) , (Z 13 ) , AO) , (Z (U) .ATEMP I . 

X(Z(5),SM0D) 
2U DC3UJ=1,5 
25 IF(Z(J))26,26,311 
26 WRITE0UTPUTTAPE6.12 
28 GO TO(29,30,31,32,33),J 
29 PRINT13,AEU 

11 = 1 
GO TO 311 

30 PRINT13,AEL 
11 = 1 
GO TO iU 

31 PRINT13,AA0 
11 = 1 
GO TO 3U 

32 PRINT13,AATE 
11 = 1 
GO TO 311 

33 PRINT13,ASM0D 
11 = 1 
GO TO 3U 

34 CONTINUE 
35 IF(II-1)37,36,36 
36 G0TOU1O 
37 GOTQItG 

READ OUT ISOTOPE DATA 
50 FORMAT!1H1//67H 

XPUT DATA,IS0T0PEI3//) 
51 F0RMATI25H THIS ISOTOPE HASllt.BH LEVELS.//) 
52 FORMAT(21H ATOMIC MASS=E12.6,12H STAT.WT.=E12.6, 

X13H P0T.SCAT.=E12.6,13H ABUNDANCE = E12.6//) 
53 FORMAT 18CH LEVEL ENERGY GAMMA GAMMA GAM 

XMA N GAMMA F//) 
54 F0RMAT(UE2U.6) 
HO D0t6L=l.lP 
Ul WRITE0UTPUTTAPE6,50,L 
It2 WRITE0UTPUTTAPE6.51 ,J(L) 
U3 WRITE0UTPUTTAPE6,52,AMAS1L),SW(L),SIGPTIL),ABUNIL) 

UU WRITE0UTPUTTAPE6,53 ^ 

15 J L = J I L ) 
It6 WRITE0UTPUTTAPE6.5U. IERIK.L) .GG|K, I ) . G N I K . L 1 . 

XGF(K ,L1 ,K=1 ,JL ) 
G0T07.; ^ 

70 TS IGPT= . . 
71 D072L=1 , IP ^ 

T a T S I G P T ' T S I G P T + S I G P T l L ) 'ABUN ( L ) 
7^ n = L O G F ! 1 . / 1 1 . - A 0 ) ) / F L 0 A T F ( N ) 
71t IMAX = 10»N 
75 G0I08C _ 

iriER THE INPUT HAS BEEN READ IN WE GET SET. 
8( )L6f ! l • 





81 EWEU 
82 n 0 8 3 J = l , I P 
83 ASTART1J)=0. 
8 t D085J=1 . IFP 
85 FSTARTI J)=l.; . 

G0T09C 
9U CONTINUE 
91 REWIND2 
92 REWINDS 
93 REWINOlt 
95 D011UI=1, IMAX 

PSIGA=0. 
PSIGS=;0. 

96 U=FLOATF(I)«D 
97 E d )=E1/EXPF(U) 

D 0 l r 5 L = l , I P 
T P S I G A ( L ) = J . 
T P S I G H ( L ) = 0 . 
T P S I G S l L ) = 0 . 
J L = J I L ) 
D010UK=1,JL 
GAMT(K.L)=GG(K,L)+GNIK,L)+GFIK.L) 

597 I F I T E M P ) 5 9 8 , 5 9 8 , 9 8 
598 E X ( K , L ) = 2 . « ( E d ) -ERI K,L ) )/GAMTI K,L ) 

XGAMT 

599 PSYIK ,L ) = l . / d . + E X I K , L ) » » 2 ) 
6U0 C H Y ( K , L ) = 2 . « E X ( K , L ) / d . + E X ( K , L ) » » 2 l 

G0T099 
98 ZETA(K,L(=SQRTF( I AMAS ( L )»GAMT ( K,L ) • • 2 1 / I l t .«F( I )«TFMP) ) 

E X ( K , L ) = 2 . ^ ( E ( I ) - E R l K , L ) ) / G A M T ( K , L ) 
CALLW(ZETA(K ,L )»EX(K ,L ) /2 . ,ZETA(K ,L ) /2 . .REW,A IMW) 
PSY(K,L)=ZETAIK,L)^.8862265«REW 
CHY(K,L)=ZETA(K,L)^1.7721t53«AIMW 

99 S I G 0 ( K , L ) = ( 2 . 6 2 E + 6 ) » S W ( L ) » G M K , L ) / I A B S F { E R I K , L ) ) » G A M T ( K , L ) ) 
PPSIGA(K,L) = IGG(K,L)+GFt |K .L ) )^SIGO(K, l )»PSY(K.L) 

X«SQRTF( ABSF(ER(K,L) ) / E d ) ) /GAMT(K,L) 
P P S I G H ( K , L ) = G F ( K , L ) » P P S I G A I K , L ) / ( G G ( K , L » + G F ( K . L ) ) 
TPSIGA(L)=TPSIGAIL)+ABUN(L)«PPSIGA1K,L) 
TPSIGH(L)=TPSIGH(L)+ABUN(L)«PPSIGHIK.L) 
P P S I G S ( K , L ) = ( G N ( K , L ) » S I G O ( K , L ) « P S Y ( K , L ) / G A M T I K , L ) ) + 

XS0RTF(SIGPT(L)»SIG01K,L)«SW(L)^GN(K,L) /GAMT(K. I ) ) . C H Y ( K . L 1 
lOJ TPSIGS(L)=TPSIGS(L1+A8UNIL)»PPSIGS(K,L) 

PSIGA=PSIGA-tTPSIGAIL) 
105 PSIGS=PSIGS+TPS1GS(L) 
1'J6 DPI'. 9L=1,IP 

PRAT(I,L)=TPSIGA(L)/IPSIGS+PS1GA+TSIGPT+SM0D) 
109 PRFT1I.L)=TPSIGHI[ 1/IPSIGStPSIGAtTSIGPTtSMOO) 
110 Ad)=(PSIGStTSIGPT)/l(PSIGS+TSIGPT+PSIGA+SMOO)»AO) 

GOT0123 
C PREPARE TO GENERATE FLUXES 

12U IFdB)2-D,125,20C 
C IF IB IS ZERO WE GENERATE SOME STARTING FLUXES 
C THE ASYMPTOTIC VALUES ARE USED 

125 MN=N+1 
DOUbJ^l.MN 
AD=FL0ATF(N+1)»D 
^UU=EU«EXPF1AD) 
UU=FLOATF(J)«D 

_AF=EUU/EXPF<UU) 
G(J)=(TSIGPT+SMOD)/AE 

_| j t>_HJJ)=TSIGPT/(AO^tTSlGPTtSMOCl) 
""iJjwRITETAPE2, (G ( J ), J = l ,MN) 

WRITETAPE2,(H(J),J=1.MN) 
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ENDFILE2 
REWIND2 

132 FF=G(N+1) 
AA=H1N-H1 
AAJ=(TSIGPT/(EU»D))-
GCT02C.) 

C NOW WE GO INTO THE ITERATION ROUTING 
C CALCULATE F d ) AND PHY(I) 

200 WRITE0UTPUTTAPE6,202 
202 FORMAT!1H1/85H 

X RESONANCE INTEGRALS,ABSORPTION//! 19H ENERGY COLLISION 
XDENSITY FLUX RESINT ISOTOPE 1 RESINT ISOTOPE 2 RESINT 
XISOTOPE 3 RESINT ISOTOPE U//) 

201 MN = N+1 
READTAPE2,IGd),I-l,MN) 
READTAPE2,IH(I),I=1,MN) 
AJI 1 ) = AAJ-.5^!GI 1 )>Hd )+GI2)*HI2) ) + FF»AA 
F d ) = ID«AJ!1) -H SMOD/E ( \ ) ) ) / ^^.-.5^D«AI 1)1 
REWIND2 

205 DC220I=2,IMAX 
NN=N+2 
IF!I-NN)210,215.215 

210 AJII ) = AJd-l)-.5«!G!I)»Hd)+G!I + 1)»Hd+1) ) 
X+F!I-1)^A!I-l ) 
F d ) = !D«AJd)+!SMOO/Ed ) ) )/d .-.5«0»Ad ) ) 
PHY!I)=F(I)«E! I ) 
G0T0220 
N1=I-N 

216 A J d ) = AJd-1)-.5»IF(NI-1)«A(NI-l)+F!NI)»A!NI)) 
X+Fd-1)«A!I-1 ) . 

217 Fd ) = ID«AJd) + !SH0D/EII) ) )/d.-.5^D*Ad ) ) 
218 PHYd)=Ed)«FlI ) 

G0T022O 
220 CONTINUE 

J=IMAX-N-1 
WRITETAPE2,IF!I),I=J,IMAX) 
WRITETAPE2, lAd ),I=J, IMAX) 
ENDF1LE2 
REWIND2 

C TAPE 2 IS NOW READY FOR THE NEXT TIME THRU. 
C SET THE AUXILLARY CONSTANTS 

AAJ = AJ(IMAX) 
FF=F!IMAX) 
AA=A!IMAX) 
G0T02-'( 

C NOW START THE EDIT ROUTINE 
230 D02ltt)L=1 , I P 

RESINT!1 ,L )=ASTART!L ) SEE 230 
2 3 2 D02U 1=2,IMAX 
235 R E S I N T d , L ) = R E S I N T ! I - l . L ) + . 5 » D » l P H Y d ) » P R A T d , L ) 

X - f P H Y d - l ) « P R A T d - l , L ) ) 
2U'j CONTINUE 

G0TO2'<2 
212 I F T T P - 1 ) 2 U 3 , 2 < l 3 , 2 t 7 

2U3D02 i t 5 I i J_ t lMAX 
R E S I N T l I , 2 ) = . 
RES I NT 1 1 . 3 ) = . , . 

2lt5 R ¥ s l N T d , U ) = - - . 
G0Ta2i5 

- ^ ^ 7 ' 1 T | T P - 2 ) 2 5 5 , 2 1 I 8 , 2 5 0 
2 . | S n r i ? j l 9 I = ) , l M A X 
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RESINT!I,3)=i. 
219 RESINT!I,1)=0. 

G0T0265 
25: IF!1P-3)255.251.255 
251 002521=1,IMAX 
252 RESINT! 1,1)-.:. 

G0T0255 
255 ICON=i 
256 D026:i=l,IMAX 

ICON=ICON-H 
IF!IC0N-IC0UNT)260,257,26C 

257 WRITE0UTPUTTAPE6,265,!E!I),Fd),PHY!I). 
XRESINT! 1,1 ),RESINT!I,2),RESINTd,3),RESINT!I,U)) 
IC0N= 

260 CONTINUE 
265 F0RMAT17E17.5) 

GCT0165 SEE 265 
165 00U66J=1,IP 
166 ASTARTI J)=RESINTdMAX,J) 

G0T0266 
266 IF!IFP)270,35C,270 
27-' WRITE0UTPUTTAPE6.272 
272 FORMAT! 1H1/82H 

X RESONANCE INTEGRALS,FISSI0N//119H ENERGY COLLISION DEN 
XSITY FLUX RESINT ISOTOPE 1 RESINT ISOTOPE 2 RESINT ISO 
XTOPE 3 RESINT ISOTOPE 1//) ^ 
G0T028. 

280 DC29;L=1,IFP 

RESINT! 1,L)=FSTART!I,) 
282 002911=2,IMAX 
285 RESINTd ,L)=RESINTd-l, L)-t.5«D*l PHYl I )»PRFTd.L i_ 

X+PHYI1-1)»PRFTII-1,L)) 
29.J CONTINUE 
292 IFIIFP-l1293,293,297 
293 D029SI=1,IMAX 

RESINT!I,2)=0. 
RESINT! 1,1)='-;. 

295 RESINT! I,1)='J. 
G0T03I 3 

297 IF! IFP-2)303,298,30': 
298 002991 = 1,IMAX 

RESINT!I,3)= 
299 RESINT!I,1)= 
30(1 IFdFP-3)3..'3,301,303 
3el 003' 21 = 1.IMAX 
302 RESINT!I,U)=L 

G0T03 6 
3!-3 ICON=i 
301 D03MI = 1.IMAX 

IC0N=IC0N+1 
TFI IC0N-ir.OUNT)3l:)..3115.310 

305 WRITE0UTPUTTAPE6,265,!Ed),Fd),PHYd), 
XRFSINT II. 1). RES INT d.2 ).RFSlNTd.3).RESINT 11.11) 
ICON=0 

310 CONTINUE ,,. 
311 D0312J = 1,IFP 5^^ ̂ ''̂  
_j2;;_c^TARTI,)l=RFSINTITMAX.J) . . — 

G0T035IJ 
35a_FE^<IMAX' 

~ J J O F | F E - E L ) 1 0 0 , 1 C 0 , 3 8 0 

38tL_ia iLBi l -
G0TC385 

385 Eli£E_ 
G0T09i:; 
jTART OVER AGAIN 

-JoJwRITE0UTPUTTAPE6,105 
G0T011. 

-jr^ToRf^ATl 1H1/31H THIS PROBLEM IS COMPLETE.) 
• END I 1 , 1 , G . 1 , 0 ) ^ AM-30 
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